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(54) Article classifying system and article dimension measuring apparatus 



(57) An article classifying system includes a con- 
veyor 9 for conveying mail pieces 1, a weighing con- 
veyor 18, and a sorting conveyor 26. A length 
measuring unit 5 measures the length of the mail pieces 
while they are being conveyed by the conveyor 9. Also, 
the width and the thickness of the mail pieces are meas- 
ured by a width measuring unit 4 and a thickness meas- 

16 



uring unit 3. The weight of the mail pieces is measured 
by a weighing unit 6 while the mail pieces are being con- 
veyed on the weighing conveyor 18. Then, a control unit 
classifies the mail pieces into categories according to 
their length, width, thickness and weigh 
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Description 

[0001] This invention relates to an article classifying 
system for automatically measuring the width, length, 
thickness and weight of articles, e.g. pieces of mail, and 5 
comparing the measurements with preset values for 
various categories of mail to classify the mail pieces. 
This invention also relates to an apparatus for measur- 
ing dimensions of articles useable in such system. 

10 

BACKGROUND OF THE INVENTION 

[0002] Postal rates for mail pieces, e.g. letters, 
depend on the width, length, thickness and weight of the 
letters. When a clerk at a window of a post office 15 
receives the letter, he or she measures the dimensions 
with a ruler or a vernier micrometer to determine 
whether the letter is a standard-size letter or nonstand- 
ard-size letter. Then, the clerk weighs the letter, and 
selects the postal rate for the letter from the list of rates 20 
predetermined on the basis of dimensions and weights. 
[0003] Manual measurement of dimensions and 
weight of mail pieces has disadvantages, such as 
requiring time and labor and also possible errors in 
measurement. Such problems become obvious when 25 
handling a large quantity of mail. It is, therefore, desir- 
ous to eliminate such problems. 

[0004] For sending mail for which postal rates are 
paid later in a lump sum, a sender sorts mail into stand- 
ard mail and nonstandard mail, counts the numbers of 30 
pieces of standard and nonstandard mail, and to writes 
the numbers down on a slip to be presented to a clerk at 
a window of the post office. 

[0005] Standard mail is mail having dimensions, i.e. 
width, length and thickness within predetermined 35 
ranges of values and having weight less than a prede- 
termined value, and nonstandard mail is mail other than 
the standard mail, 

[0006] Manual sorting of mail pieces by senders 
into standard and nonstandard mail, counting the num- 40 
bers of standard and nonstandard mail pieces and writ- 
ing the numbers on slips may require a lot of time and 
labor and involve error. 

[0007] Therefore, an object of the present invention 
is to provide a system for classifying articles, such as 45 
mail pieces, by automatically measuring their width, 
length, thickness and weight, and also to provide a 
dimension measuring apparatus useable in such sys- 
tem. 

50 

SUMMARY OF THE INVENTION 

[0008] An article classifying system according to 
the present invention includes conveying means for 
conveying articles. Length measuring means, width 55 
measuring means and thickness measuring means 
measure the length, width and thickness of the articles 
conveyed by the conveying means, respectively. Weigh- 



ing means weighs the articles. A plurality of categories 
are predetermined for articles according to length, 
width, thickness and weight of articles. Classifying 
means classifies measured articles into categories 
according to measurements of the length, width, thick- 
ness and weight of the articles. 

[0009] The classifying means may classify articles 
as standard articles when the length, width, thickness 
and weight are within respective predetermined values 
for length, width, thickness and weight. 
[0010] The article classifying system may include 
sorting means for sorting articles into standard and non- 
standard articles in accordance with the classification 
made by the classifying means. 

[0011] The article classifying system may further 
include counting means for counting the numbers of 
articles classified as standard and nonstandard articles 
by the classifying means, and printing means for print- 
ing out the numbers of the standard and nonstandard 
articles as counted by the counting means. 
[0012] The article classifying system according to 
the present invention may further include sender read- 
ing means for reading representations of senders indi- 
cated on articles, and first calculating means for 
calculating the numbers of articles for respective send- 
ers. 

[0013] The article classifying system may addition- 
ally include addressee reading means for reading repre- 
sentations of addressees indicated on articles, and 
second calculating means for calculating the numbers 
of articles for respective addressees. 
[0014] The article classifying system may include, 
in addition to the addressee reading means, memory 
means for storing the addressees on articles as read by 
the addressee reading means together with the catego- 
ries, e.g. standard or nonstandard, of such articles as 
classified by said classifying means. 
[0015] The articles may be pieces of mail. 
[0016] An article dimension measuring apparatus 
according to the present invention can measure the 
dimensions of an article having outward protruding side 
surfaces. For that purpose, it includes a light-emitting 
unit and a light-receiving unit. The light-emitting unit 
includes a plurality of light-emitters arranged in a meas- 
uring direction along the dimension to be measured. 
The light-receiving unit includes a plurality of light- 
receivers associated with the light-emitters and 
arranged along the same direction as the light-emitters. 
Each of the light-emitters is combined with two or more 
of light-receivers adjacent to each other to form an emit- 
ter-receiver combination. Each light-receiver belongs to 
two or more such combinations. The apparatus further 
includes detecting means for detecting whether light 
emitted by each light-emitter is not intercepted by the 
article and, therefore, is received by any one of the light- 
receivers in the emitter-receiver combination to which 
that light-emitter belongs. Computation means com- 
putes the dimension of the article, using the detection 
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result provided, by . the detecting means, the distance 
between the light emitting unit and the light-receiving 
unit, and the distance between the light-emitting unit or 
light-receiving unit and a reference plane preset so as to 
pass substantial apexes of the outward protruding side 
surfaces of the article. 

[0017] The light- emitters may be arranged along 
the dimension of articles to be measured, at equal inter- 
vals and in substantially the same plane, with the light- 
receivers arranged along the measuring direction at the 
same intervals as the light-emitters and in substantially 
the same plane which is in parallel with the plane in 
which the tight-emitters are arranged. In this case, the 
distance between the reference plane to the light-emit- 
ting unit or to the light-receiving unit is the distance 
between the light-emitting unit and the light-receiving 
unit divided by an integer equal to or greater than two. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

FIGURE 1 is a schematic front view illustrating a 
general structure of an article classifying system 
according to one embodiment of the present inven- 
tion. 

FIGURE 2 illustrates how the location of the left end 
of a mail piece is determined by a width measuring 
unit of the article classifying system shown in FIG- 
URE 1. 

FIGURE 3 illustrates how the location of the right 
end of the mail piece is determined by the width 
measuring unit of the article classifying system 
shown in FIGURE 1. 

FIGURE 4 illustrates how the length of a mail piece 
is measured by a length measuring unit of the arti- 
cle classifying system shown in FIGURE 1. 
FIGURES 5A and 5B illustrate a thickness measur- 
ing unit of the article classifying system of FIGURE 
1, in which FIGURE 5A shows the thickness meas- 
uring section before it starts measurement and 
FIGURE 5B shows the thickness measuring unit 
during measurement. 

FIGURE 6 shows another example of the arrange- 
ment of light-emitters in the light-emitting unit used 
in the classifying system. 

FIGURE 7 shows an example of categories into 
which mail pieces may be classified by the article 
classifying system. 

FIGURE 8 illustrates a part of the content of the 
memory including addressees of mail pieces as 
classified by the article classifying system. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] Now, an article classifying system with an 
article dimension measuring apparatus, according to 
one embodiment of the present invention, is described 



in detail with reference to the accompanying drawings. 
[0020] As shown in FIGURE 1 , the article classify- 
ing system includes a feeder 2 which feeds out pieces of 
mail 1, e.g. post cards, letters and parcels: They are 

5 conveyed on a conveyor 9, and the thickness H, the 
width Xw, the length L and the weight W of the mail 
piece 1 fed from the feeder 2 are measured respectively 
in a thickness measuring unit 3, a width measuring unit 
4, a length measuring unit 5 and a weighing unit 6 dis- 

10 posed along the conveyor 9. The mail pieces 1 of which 
the three dimensions H, Xw and L, and the weight W 
have been measured are classified into, for example, 
ten categories according to their three dimensions and 
weight. A sorter 7 then puts the classified mail pieces 

15 into first through tenth containers 8-1-8-10 for the respec- 
tive categories. The ten categories are as shown in FIG- 
URE 7. Different postal charges are charged on mail 
pieces of the respective categories. 
[0021] An operator visually or mechanically judges 

20 sizes of mail pieces 1 , put mail pieces 1 of similar thick- 
nesses on the feeder 2, similarly orienting them on the 
feeder 2. For example, mail pieces 1 are placed on the 
feeder 2 so that they can be conveyed on the conveyor 
9 with their length aligned in the length direction of the 

25 conveyor 9 and with their width direction aligned with 
the width direction of the conveyor 9. The feeder 2 feeds 
out successively one by one the mail pieces 1 onto the 
conveyor 9 at predetermined time intervals. 
[0022] The thickness measuring unit 3 is disposed 

30 at a location along the conveyor 9 as shown in FIGURE 
1, and is mounted on a support frame 10. Referring to 
FIGURES 5A and 5B, a shaft 11 is rotatably mounted 
on the support frame 10, and an arm 12 swingable 
about the shaft 1 1 is coupled to the shaft 1 1 . A roller is 

35 rotatably mounted at the lower end of the arm *12. The 
shaft 11 is coupled to an input shaft 14a of a thickness 
encoder 14, which, in turn, is mounted on the support 
frame 10. The shaft 11 is connected to the support 
frame 1 0 by a tensioned coil spring 1 5. The roller 1 3 can 

40 swing about the shaft 1 1 and, when it is moved from the 
plumb position it is biased toward the plumb position by 
its own weight and the spring force provided by the 
spring 15. In FIGURE 5A, the roller 13 is shown in the 
plumb position. The level at which the roller 13 is posi- 

45 tioned is such that it can contact, in the plumb position, 
a mail piece 1 being conveyed on the conveyor 9 as 
shown in FIGURE 5A. The shaft 1 1 horizontally extends 
in the direction orthogonal to the direction in which mail 
pieces 1 are conveyed on the conveyor 9 and is in par- 

50 allel with the center axis 13a of the roller 13. 

[0023] The thickness encoder 14 is connected to an 
arithmetic and operation control unit 16 (FIGURE 1). 
When the roller 13 comes into contact with a mail piece 
1 being conveyed by the conveyor 9 and is pushed by 

55 the mail piece 1 from the plumb position toward the con- 
veying direction 17 to a position where it comes into 
contact with the upper surface of the mail piece 1 as 
shown in FIGURE 5B, the thickness encoder 14 detects 
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the angle 0 H formed between the arm 12 in the plumb 
position and the arm 12 in the position where the roller 

13 is in contact with the upper surface of the mail piece 
1. The thickness encoder 14 develops a thickness rep- 
resentative signal representing the detected angle 0 H 5 
and applies it to the arithmetic and operation control unit 
16. 

[0024] The arithmetic and operation control unit 16 
achieves arithmetic operations on the thickness repre- 
sentative signal 0 H received from the thickness encoder 10 

14 according to a program stored in a memory (not 
shown) to determine the thickness H of the mail piece 1 , 
i.e. the level of the upper surface of the mail piece 1 rel- 
ative to the conveyor surface 9a. It is so arranged that 

the arithmetic operations for the thickness H are per- 15 
formed in such a manner that any effect of the radius D 
of the roller 1 3 on the angle 0 H can be compensated for. 
The spring 15 urges the roller 13 onto the upper surface 
of the mail piece 1 with an appropriate force. Accord- 
ingly, accurate computation of the thickness H can be 20 
performed. The spring 15 also acts to return the roller 
13 to its plumb position as soon as the mail piece 1 has 
passed the roller 13, for the next thickness measure- 
ment. 

[0025] As shown in FIGURES 2 and 3, a mail piece 25 
1 usually has outward protruding side surfaces having 
side edges E and F with relatively acute or round 
apexes. The width of the mail piece 1 is the distance 
between the side edges E and F, which is measured by 
the width measuring unit 4. The width measuring unit 4 30 
is disposed between the output end of the conveyor 9 
and the input end of a weighing conveyor 18 disposed 
next to the conveyor 9, as shown in FIGURES 1 and 4. 
The width measuring unit 4 includes a light-emitting unit 
19 disposed at a level below the conveyors 9 and 18, a 35 
light-receiving unit 20 disposed at a level above the con- 
veyors 9 and 18, detecting means and computation 
means. The width measuring unit 4 measures the width 
Xw of the mail piece 1 conveyed by the conveyor 9. The 
width Xw is the dimension of the mail piece 1 in the 40 
width direction of the conveyor 9. 

[0026] As shown in FIGURES 2 and 3, the light- 
emitting unit 19 includes sixteen (16) light-emitters, e.g. 
light-emitting diodes, L r L 6 and L ir L 21 . The light- 
receiving unit 20 includes eighteen (18) light- receivers, 45 
e.g. photodiodes, P r P 6 and P ir P 22 . The light-emitters 
and the light-receivers are connected to the arithmetic 
and operation control unit 16. 

[0027] FIGURE 2 schematically shows the left-side 
parts of the light-emitting and light-receiving units 19 50 
and 20 viewed in the conveying direction 17. The units 
19 and 20 include the light-emitters L r L 5 and the light- 
receivers P1-P6 for determining the position of the left 
side edge E of the mail piece 1 being conveyed on the 
conveyor 9. FIGURE 3 shows a similar view showing 55 
the tight-emitters L ir L 21 and the light-receivers P ir 
P 22 for determining the position of the right side edge F 
of the mail piece 1. Only the light-emitters L ir L 12 , and 



L 18 -L 21 and the light-receivers p n-Pi 2 and P18-P22 are 
shown, but the light-emitters L 13 -L 17 and the light- 
receivers P13-P17 are not shown. 

[0028] As shown in FIGURE 2 t the light-emitters L r 
L 5 are arranged in a straight line at intervals of, for 
example, 3 mm in the width direction of the mail piece 1 . 
Also, the tight- receivers P-\-Pq are arranged in a straight 
line at the same intervals of 3 mm as the light-emitters 
L r L 5 along the width direction. The light- receivers P 2 
through P 6 are disposed right above the light-emitters 
L 1 through L 5 , respectively, while the light- receiver P^ is 
located diagonally above the light-emitter L 1f being 
shifted leftward from the light-receiver P 2 . 
[0029] As shown in FIGURE 3, the light-emitters 
L ir L 21 are arranged in a straight line at the same inter- 
vals, i.e. 3 mm, as the light-emitters L r L 5 along the 
width direction of the mail piece 1, and the light-receiv- 
ers Pn"P 22 are arranged in a straight line at the same 
intervals of 3 mm as the light-emitters L 1r L 21 along the 
width direction of the mail piece 1. The light-receivers 
P^ through P 21 are disposed right above the light-emit- 
ters through L 21 , respectively, with the light-receiver 
P 22 disposed diagonally above the light-emitter L 21 and 
shifted rightward from the light-receiver P 21 . As is seen 
from FIGURES 2 and 3, the light-emitter is located 
at a position spaced by 109 mm from the light-emitter 
L 1t in the illustrated example. 

[0030] An item 21 shown in dashed lines in FIG- 
URE 2 is a guide. The guide 21 is fixed on the conveyor 
9, being spaced from the width measuring unit 4. The 
guide 21 defines the leftmost possible position the left 
side edges of mail pieces 1 on the conveyor 9 could 
assume. The guide surface 21 a of the guide 21 for guid- 
ing mail pieces is horizontally spaced by 1 mm from the 
leftmost light-emitter 

[0031] The width measuring unit 4 with the above- 
described arrangement can determine the position of 
the leftmost edge E of the mail piece 1 when the edge E 
is within a distance range of from 0 mm to 12 mm from 
the guide surface 21a, as shown in FIGURE 2, and can 
determine the position of the rightmost edge F within a 
distance range of from 110 mm to 140 mm from the 
guide surface 21a, as shown in FIGURE 3. In the illus- 
trated example, 1 mm is the minimum detectable unit. 
[0032] A distance S between the line along which 
the light-emitter L r L 5 and L ir L 21 are aligned and the 
line along which the light- receivers P1-P6 and P 11-P22 
are aligned is, for example, 120 mm. A distance A of a 
reference horizontal plane 22 set to pass through the 
leftmost and rightmost edges E and F of the mail piece 
1 from the plane in which the light-emitters are arranged 
is 40 mm in the illustrated example, which is equal to the 
distance S of 120 mm divided by 3. Thus, the distance 
B of the plane 22 to the plane in which the light-receiv- 
ers are arranged is 80 mm. 

[0033] The distance G of the horizontal plane 22 
from the conveyor surface 9a is H/2, where H is an aver- 
age thickness of mail pieces 1 to be handled which are 
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fed through the feeder 2. In the illustrated example, the 
average thickness H is set to 20 mm, and, therefore, the 
distance G is 10 mm. The average thickness H can be 
varied for handling mail pieces 1 of different thickness. 
Accordingly, when a different average thickness H is 5 
set, the distance G between the horizontal plane 22 
passing through, the left side edge E and the right side 
edge R and the conveyor surface 9a changes, and, 
therefore, if a largely differing thickness H is set, the 
level of the conveyor surface 9a may have to be 10 
adjusted so that the distance A can be maintained to be 
40 mm which is equal to the distance S=120 mm 
divided by 3. 

[0034] Next, the detecting means is described. The 
detecting means includes programs stored in the arith- is 
metic and operation control unit 16 and the memory. 
[0035] As shown in FIGURES 2 and 3, each of the 
light-emitters L r L 5 and L ir L 2 i forms a light-emitter- 
receiver combination with two or three mutually adja- 
cent light- receivers, such as a light-emitter-receiver 20 
combination (L^ P 1t P 2 ) as indicated by arrowed solid 
lines connecting the light-emitter L<\ to the light-receiv- 
ers P 1 and P 2 . The light-emitter L 2 forms a light-emitter- 
receiver combination with the light- receivers P 1( P 2 and 
P 3 . Similarly, the light-receivers L 3 , L 4 and L 5 for light- 25 
emitter-receiver combinations with associated ones of 
the light-receivers P 2 -P6 as indicated by arrowed solid 
and phantom lines in FIGURE 2 connecting the light- 
emitters to the light-receivers.. 

[0036] Similarly, the light-emitter L 18 , for example, 30 
forms a light-emitter-receiver combination (L 18 ; P 18 , 
P-19, P 2 o) with the light- receivers P 18 , P 19 and P 20 , as 
indicated by arrowed phantom lines connecting the 
light-emitter L 18 with the light- receivers P 18 , P 19 and 
P 2 o in FIGURE 3. Like light-emitter-receiver combina- 35 
tions are formed, as indicated by arrowed solid or phan- 
tom lines connecting the respective ones of the light- 
emitters L ir L 17 and L 18 -L 2 i to two or three of the light- 
receivers P ir P 22 . 

[0037] Each of the light-receivers P2-P21 belongs to 40 
three light-emitter-receiver combinations, and each of 
the light-receivers P-| and P 22 belongs to two light-emit- 
ter-receiver combinations. 

[0038] The detecting means detects whether light 
emitted by a light-emitter is received by one or more as 
light- receives of the light-emitter- receiver combination 
to which the light-emitter belongs. 
[0039] The light-emitters L r L 5 and L 1r L 21 are ena- 
bled successively one by one in the named order. When 
one light-emitter is enabled, the remaining light-emitters so 
are kept disabled. Whether or not one or more light- 
receivers in each combination receive light emitted from 
the light-emitter in the same combination enabled to 
emit light is determined. 

[0040] More specifically, first, for detecting the posi- ss 
tion of the left-side edge E of a mail piece 1, the light- 
emitters L r L 5 are enabled one by one successively. 
When it is determined that at least one of the light- 



receivers of a light-emitter-receiver combination has not 
received light emitted by the light-emitter belonging to 
the same combination, the detection of the left-side 
edge E is terminated. Referring to FIGURE 2 as an 
example, when the light-emitters L-j and L 2 are succes- 
sively enabled to emit light, all of the light-receivers P 1 
and P 2 of the combination to which the light-emitter L-j 
belongs and all of the light receivers P 1t P 2 and P 3 of 
the combination to which the light-emitter L 2 belongs 
receive light emitted by the respective light-emitters L 1 
and L 2 . However, when the light-emitter L 3 emits light, 
the light-receiver P 2 receives the light, but the light- 
receivers P 3 and P4 do not because the passage of the 
light to them is blocked by the mail piece 1. The suc- 
ceeding light-emitters L 4 and L 5 are not enabled, and 
the detection of the left-side edge E is terminated, and 
the detection of the right-side edge F of the same mail 
piece 1 is done. 

[0041] Next, the light-emitters L ir L 21 are succes- 
sively enabled one by one to emit light for detection of 
the right-side edge F. When at least one of the light- 
receivers belonging to the same light-emitter-receiver 
combination as the light-emitter being enabled then 
belongs to receives light, the detection of the right-side 
edge F is terminated. For example, referring to FIGURE 
3, the light-emitter is first turned on to emit light, but, 
since the passage of light is blocked by the mail piece 1 , 
the light is received by none of the light-receivers P 11( 
P 12 and P 13 . Then, the next light-emitter L 12 alone is 
turned on to emit light, but the light cannot be received 
any of the light-receivers P 12 , P 13 and P 14 . (The light- 
receivers P 13 and P 14 are not shown in FIGURE 3.) In 
the same way, the light-emitters L 13 -L 18 are succes- 
sively enabled, but light emitted is received by none of 
the light- receivers Pi 3 -P 2 o since the passages of light 
are blocked by the mail piece 1. When the light-emitter 
L 19 is enabled, the light it emits is received by neither of 
the light-receivers P 19 and P 20 , but it is received by the 
light-receiver P 21 . Then, the succeeding light-emitters 
L 20 and L 21 are not enabled," but the step for detecting 
the right-side edge F of the mail piece 1 is terminated. 
This completes the detection of the locations of the left 
and right side edges E and F of the mail piece 1 . 
[0042] Next, computation means for computing the 
width Xw of mail pieces is described. The computation 
means is formed by predetermined programs stored in 
the arithmetic and operation control unit 16 and the 
memory. The computation means computes the width 
Xw of a mail piece 1 from the results of the detection 
provided from the detecting means, the distance A and 
the distance S. As previously described, the distance A 
is the distance of the plane 22 in which the mail piece 
edges E and F lie from the plane in which the light-emit- 
ting unit 19 is disposed, and the distance S is the spac- 
ing between the plane in which the light-emitting unit 19 
is disposed and the plane in which the light-receiving 
unit 20 is disposed. 

[0043] In the arrangement shown in FIGURE 2, 
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A/S=1/3, and the spacing between adjacent ones of the 
light- emitters L r L 5 and the spacing between adjacent 
ones of the light- receivers P r p 6 are DOtn 3 mm - Tne 
intersections x 0 , x 1f ... x 12 and x 13 of the light paths from 
the respective light- emitters L r L 5 to the associated 
light-receivers P r P6 and tne plane 22 in which the 
edges E and F of the mail piece 1 lie are at locations 0 
mm, 1 mm, 12 mm and 13 mm, respectively, away 
from the guide surface 21a which is a reference point, 
which are spaced at intervals of 1 mm. 
[0044] Similarly, in FIGURE 3, the intersections 

xiio- X 111 X 140 and X 141 of the light paths from the 

respective light-emitters L 11 -L 2 i to the associated light- 
receivers P ir P 22 and the plane 22 are at locations at 
110 mm, 111 mm, .... 140 mm and 141 mm from the 
guide surface 21a, respectively, which are spaced at 
intervals of 1 mm. 

[0045] When the detecting means judges that any 
of the light-receivers in a light-emitter-receiver combina- 
tion shown in FIGURE 2 is not receiving light from the 
light-emitter in that combination, the computation 
means judges one of the intersections, x 0 , x 1( x 12 or 
x 13 , to be the location of the left-side edge E of the mail 
piece 1. This intersection is the one, i.e. the intersection 
x 6 in the example illustrated in FIGURE 2, of the plane 
22 and the path connecting the last enabled light-emit- 
ter, i.e. the light-emitter L 3 , and the leftmost one of the 
light-receivers which have not received light, i.e. the 
light-receiver P 3 . 

[0046] When the detecting means judges that any 
of the light-receivers in a light-emitter-receiver combina- 
tion shown in FIGURE 3 receives light from the light- 
emitter in that combination, the computation means 
judges one of the intersections x110 , x 111( x 140 and 
x 141 to be the position of the right-side edge F of the 
mail piece 1. This intersection is the one, i.e. the inter- 
section x 135 in the example illustrated in FIGURE 3, of 
the plane 22 and the path connecting the last enabled 
light-emitter, i.e. the light-emitter L 19 , and the light- 
receiver left to the leftmost one of the light-receivers 
P ir P 2 2 which has first received light, i.e. the light- 
receiver P 2 o- 

[0047] The computation means subtracts 6 mm cor- 
responding to the location x 6 of the left-side edge E from 
135 mm corresponding to the location x 135 of the right- 
side edge F of the mail piece 1 to thereby obtain the 
width of the mail piece 1 , Xw, of 1 29 mm. That is, calcu- 
lation of (135 mm - 6 mm = 129 mm) is carried out. in 
this manner, the width Xw of the mail piece 1 can be 
measured with a resolution of 1 mm. 
[0048] The length measuring unit 5 determines the 
length L of the mail piece 1 . Prior to the measurement of 
the width Wx of the mail piece 1 in the width measuring 
unit 4, the light-emitter L 5 is kept turned on so that it 
continues to emit light which is received by the light- 
receiver P 6 right above the light-emitter L 5 . Then, the 
front edge J of the mail piece 1 interrupts the light from 
the light-emitter L 5 to the light- receiver P 6 , which is 



detected by the arithmetic and operation control unit 16. 
Then, the light-emitters L r L 5 and L ir L 21 are succes- 
sively turned on to measure the width Xw of the mail 
piece 1. Immediately after the completion of the meas- 

5 urement of the width Xw, the light-emitter L 5 is enabled 
to emit light and kept enabled. Because of the mail 
piece 1 , the light emitted from the light-emitter L 5 does 
not reach the light-receiver P 6 . When the rear edge of 
the mail piece 1 passes the line connecting the light- 

10 emitter L 5 and the light- receiver P 6 , the light emitted 
from the light-emitter L 5 begins to be received by the 
light-receiver P 6 , again. Thus, the length L can be deter- 
mined by the arithmetic and operation control unit 16 
from the length over which the mail piece 1 is conveyed 

15 in a time period of from the time the front edge J has 
interrupted the light from the light-emitter L 5 to the light- 
receiver P 6 until the light-receiver P 6 begins to receive 
the light again. 

[0049] The light-emitter L 5 and the light-receiver P 6 

20 are used to measure the length L of mail pieces 1 
because they are located closer to the center of the 
width of the conveyor 9 and, therefore, can detect mail 
pieces 1 having small width Xw. Accordingly, if neces- 
sary, other light-emitter and light-receiver combination, 

25 e.g. a combination of the light-emitter L 4 and the light- 
receiver P 5 , may be used to detect mail pieces 1. 
[0050] As shown in FIGURE 4, a length encoder 24 
has its input shaft 24a coupled to a support shaft 23a of 
a pulley 23 for rotation with the pulley shaft 23a. The 

30 conveyor belt of the conveyor 9 is looped around the 
pulley 23. The length encoder 24 is connected with the 
arithmetic and operation control unit 16. 
[0051] The length encoder 24 develops a detection 
signal 0 L when the front edge J interrupts the light emit- 

35 ted by the light-emitter L 5 and received by the light- 
receiver P 6 , and continues to develop it until the mail 
piece 1 advances to such a point that the light-receiver 
P 6 can receive the light from the light-emitter L 5 again. 
The arithmetic and operation control unit 16 receives 

40 the detection signal 0 L aR d processes it in accordance 
with the programs stored in the memory to compute the 
length L of the mail piece 1. 

[0052] As shown in FIGURE 1 , the weighing unit 6 
includes a weighing conveyor 18 and a weigher 25, e.g. 
45 a load cell unit, disposed to support the weighing con- 
veyor 18. The weigher 25 is connected to the arithmetic 
and operation control unit 16. 

[0053] The weighing conveyor 18 is disposed after 
the conveyor 9. It receives mail pieces 1 conveyed by 

50 the conveyor 9 and sends them to the sorter 7 in the 
succeeding stage. The conveying speed of the weighing 
conveyor 18 is the same as that of the conveyor 9. 
[0054] The weigher 25 measures the weight W of 
mail pieces carried on the weighing conveyor 18 and 

55 develops a weight signal, which is coupled to the arith- 
metic and operation control unit 16. 
[0055] Next, means for classifying mail pieces 1 of 
which the three dimensions H, Xw and L, and the weight 
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W have been measured, into first through tenth, ten cat- 
egories is described. The. classifying means is formed 
of predetermined programs stored in the arithmetic and 
operation control unit 16 and in the memory and classi- 
fies the mail pieces 1 according to the three dimensions 
and weight of the mail pieces 1 as determined in the 
thickness measuring unit 3, the width measuring unit 4, 
the length measuring unit 5 and the weighing unit 6. Ten 
different postal charges are applied to the respective 
ones of the ten categories. . - 

[0056] The ten categories are as shown in FIGURE 
7. Mail pieces 1 of the first and second categories have 
a length L of not less than 14 cm and not greater than 
23.5 cm, a width Xw of not less than 9 cm and not 
greater than 12 cm, and a thickness H of not greater 
than 1 cm. Mail pieces 1 of the first categories have a 
weight W of not greater than 25 g. The second category 
mail pieces 1 have a weight W of greater than 25 g and 
not greater than 50 g. Mail pieces 1 of the first and sec- 
ond categories are "standard" mail, and mail other than 
the standard mail is "nonstandard mail". 
[0057] The third through tenth categories are for 
"nonstandard" mail. Mail pieces of the third category 
has dimensions other than those of the standard mail 
and has a weight not greater than 50 g. Mail pieces 1 
having weight greater than 50 g are classified into 
appropriate ones of the fourth through tenth categories, 
regardless of their dimensions. The fourth category is 
for mail pieces 1 having a weight W of greater than 50 g 
and not greater than 75 g. The fifth category is for mail 
pieces 1 having a weight W of greater than 75 g and not 
greater than 100 g. The sixth, seventh, eighth and ninth 
categories are for mail pieces having weights W greater 
than 1 00 g and not greater than 1 50 g, greater than 1 50 
g and not greater than 200 g, greater than 200 g and not 
greater than 250 g, and greater than 250 g and not 
greater than 500 g, respectively. The tenth category is 
for mail pieces 1 having a weight W of greater than 500 

g. 

[0058] The sorter 7 automatically sorts or puts mail 
pieces 1 classified into the ten categories into respec- 
tive containers 8^ through 8 10 . (Only the containers 8 1( 
8 2 , 8 9 and 8 10 are shown in FIGURE 1.) The sorter 7 
includes first through tenth sorter conveyors 26 1 
through 26 10 arranged in the named order one after the 
other, with the sorter conveyor 26 1 following the weigh- 
ing conveyor 18 and with the conveyor 26 10 disposed at 
the end. (Only the sorter conveyors 26 1( 26 2 , 26 9 and 
26 10 are shown in FIGURE 1.) Mail pieces 1 conveyed 
by the weighing conveyor 18 are sorted into the first 
through tenth containers 8^ through 8^ by the respec- 
tive sorter conveyors 26^ through 26 10 . The sorter con- 
veyor 26-\ carries mail pieces 1 of the first category into 
the first container 8-1 . Similarly, the sorter conveyors 26 2 
through 26 10 carry mail pieces of the second through 
tenth categories into the second through tenth contain- 
ers 8 2 through 8 10 , respectively. For this purpose, the 
first through ninth sorter conveyors 26-j through 26 9 are 



arranged to move from the horizontal position to the 
inclined position indicated by phantom lines in FIGURE 
1 in which the rear ends of the respective sorter convey- 
ors fall by a given amount, and back to the horizontal 
5 position. 

[0059] When a mail piece 1 classified into one cate- 
gory is conveyed to the sorter conveyor for that cate- 
gory, the rear end of that sorter conveyor falls so that the 
mail piece 1 can be put into the associated container. 

10 For example, a mail piece 1 classified as a ninth cate- 
gory mail piece is carried over the first through eighth 
sorter conveyors 26-! through 26 8 and put on the ninth 
sorter conveyor 26 9 . Then, the ninth sorter conveyor 
26 g is caused to swing down about the front end thereof 

15 with an appropriate timing so as to put the mail piece 1 
down into the container 89. Then, the conveyor 26 9 
returns to the original horizontal position so that it can 
forward to the tenth sorter conveyor 26 10 , mail pieces 1 
of the tenth category conveyed to it to from the sorter 

20 conveyor 26 8 . The tenth sorter conveyor 26 10 is not 
arranged to have its rear end fall down, but it simply 
sends out mail pieces 1 of the tenth category into the 
tenth container 8 10 . 

[0060] With the above-described arrangement of 

25 the article classifying system, an operator put mail 
pieces 1 on the feeder 2. The mail pieces 1 are succes- 
sively fed out onto the conveyor 9 and onto the weighing 
conveyor 18. While they are conveyed, their thickness 
H, width Xw, length L and weight W are automatically 

30 measured accurately in short time. The measured mail 
pieces 1, regardless of the number of mail pieces 1 to 
be handled, are then classified automatically and accu- 
rately at high speed into respective categories accord- 
ing to their measured dimensions and weights, and 

35 sorted into the corresponding ones of containers 8-j 
through 8 10 associated with respective postal charges. 
Standard mail pieces are put into the containers 8-j and 
8 2 , and nonstandard mail pieces are sorted into the 
containers 8 3 through 8 10 , respectively Thus, error 

40 accompanying manual classification and sorting can by 
avoided, and troublesome labor and time associated 
with manual classification and sorting can be elimi- 
nated, 

[0061] Although the spacing between adjacent 
45 light-emitters or light-receivers is 3 mm as shown in 
FIGURES 2 and 3, the width Xw of mail pieces 1 can be 
measured with a higher resolution of 1 mm. In other 
words, precise measurement of the width Xw of mail 
pieces 1 can be realized with a relatively small number 
so of light-emitters and light- receivers. 

[0062] Because a plurality of light-emitters and 
light-receivers are arranged at fixed intervals (3 mm in 
the illustrated example) along the measuring direction 
(the width direction in the illustrated example) and the 
55 distance A (= 40 mm in the illustrated example) between 
the reference plane 22 passing through the two edges E 
and F of a mail piece 1 and the light-emitting unit 19 is 
the distance S (= A + B, which is equal to 1 20 mm in the 
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illustrated example) between the light-emitting unit 19 
and the light-receiving unit 20 divided by an integer 
which is equal to two or larger (three in the illustrated 
example), the width Xw of mail pieces 1 can be meas- 
ured in a constant minimum unit amount (= 1 mm in the 
illustrated example). 

[0063] Now, the reason why the positions of the 
edges E and F of mail pieces 1 in the horizontal plane 
22 at a location spaced by the distance G from the lower 
surface of the mail piece 1 , as shown in FIGURES 2 and 
3, are determined is described. In FIGURE 2, the con- 
veyor 9 is positioned such that the edges E and F of mail 
pieces 1 as represented by solid lines can be in the hor- 
izontal plane 22 which divides the distance S in a ratio 
of A : B. With this arrangement, the position of the left- 
side edge E of the mail piece 1 can be accurately deter- 
mined to be x 6 , which is 6 mm from the guide surface 
21a. 

[0064] If the conveyor 9 were positioned such that 
the lower surface of a mail piece 1 as represented by 
phantom lines in FIGURE 2 can be located along the 
horizontal plane 22, light emitted from the light-emitter 
L 3 would be received by the light-receivers P 2 and P 3 
but would not be received by the light-receiver P 4 . Thus, 
a wrong judgement would be made as if the left-side 
edge E were at x 7 , which is 7 mm from the guide surface 
21a. 

[0065] Similarly, the right-side edge F of the mail 
piece 1 indicated by solid lines in FIGURE 3 can be 
accurately determined as being at x 135 , which is 135 
mm from the guide surface 21a. However, if the mail 
piece 1 were located as indicated by phantom lines, an 
erroneous judgment as if the right-side edge F were at 
x 134 , which is 134 mm from the guide surface 21a. 
[0066] As will be understood from the above, the 
width Xw of the mail piece 1 when it is in the position 
indicated by solid lines can be accurately measured as 
being Xw = x 135 - x 6 = 1 29 mm , whereas if the mail 
piece 1 were position in the phantom line position, the 
width would be judged to be Xw = x 134 - x 7 = 127 mm , 
which includes an error of 2 mm. 
[0067] Thus, the conveyor 9 is positioned such that 
the left-side and right-side edges E and F of the mail 
pieces 1 to be handled are located on the horizontal 
plane 22 for accurate measurement of their width. 
[0068] The arithmetic and operation control unit 16 
may include first and second counters (not shown), with 
a printer (not shown) connected to the unit 16. 
[0069] The first counter counts the number of 
standard mail pieces which have been classified into 
the first and second categories by the classifying 
means. The second counter counts the number of non- 
standard mail pieces which have been classified into 
the third through tenth categories by the classifying 
means. 

[0070] The printer can print out the numbers of the 
standard and nonstandard mail pieces counted by the 
first and second counters, respectively. Accordingly, if it 



becomes necessary to inform the Post Office of the 
numbers of standard and nonstandard mail pieces to be 
posted, a printout can be immediately available. 
[0071] The arithmetic and operation control unit 16 
5 may be provided with third and fourth counters (not 
shown), with first and second bar code readers (not 
shown) connected to the unit 16. 

[0072] The first bar code reader is associated with 
the conveyor 9 and reads sender-representative bar 
10 codes on mail pieces 1 being conveyed on the conveyor 
9. The second bar code reader is also associated with 
the conveyor 9 and reads addressee-representative bar 
codes on mail pieces 1 being conveyed on the conveyor 
9. 

15 [0073] The third counter counts the number of mail 
pieces 1 for each of the senders as identified by the first 
bar code reader. The fourth counter counts the number 
of mail pieces 1 for each of the addressees as identified 
by the second bar code reader. 

20 [0074] The number of mail pieces 1 for every 
sender counted by the third counter and the number of 
mail pieces 1 for every addressee counted by the fourth 
counter may be printed out by the printer. Any of individ- 
uals, companies, departments of companies etc. may 

25 be chosen as the senders and addressees. 

[0075] When the first bar code reader and the third 
counter are used with the printer, an operator can com- 
pare the number of mail pieces of each sender as 
counted and printed on a sheet with the number of mail 

30 pieces as actually prepared by that sender to thereby 
determine whether all the actually prepared mail pieces 
of each sender have been classified by the classifying 
system. 

[0076] If the second bar code reader and the fourth 
35 counter are used with the printer, the operator can com- 
pare the number of mail pieces for each addressee as 
counted and printed on a sheet with the number of mail 
pieces as actually addressed to that addressee to 
thereby determine whether all the actually prepared 
40 mail pieces for that addressee have been classified by 
the classifying system. 

[0077] In place of bar codes, the senders and the 
addressees may be represented by OCR characters 
which an optical character reader (OCR) can read. 

45 Such OCR characters representing senders and 
addressees are read in by an optical scanner. The scan- 
ner is disposed in association with the conveyor 9. 
[0078] The arithmetic and operation control unit 16 
performs such processing, in accordance with the pre- 

50 determined programs, as to store in the memory the 
addressee of each mail piece 1 as read by the second 
bar code reader and its category as classified by the 
classifying means, together. 

[0079] FIGURE 8 shows the content of the memory 
35 including the addressees of eight mail pieces 1 proc- 
essed by the classifying system according to the 
present invention, their addresses, dates posted, cate- 
gories (standard or nonstandard mail), types of special 
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handling (e.g. special delivery, registered mail, etc.) and 
postal charges. The content may be displayed in this 
format on a display associated with the arithmetic and 
operation control unit 16 or may be printed out for 
checking. 5 
[0080] Addresses in the address columns 1 and 2 
are pre-stored in the memory in association with the 
addressees. When the addressees are read in by the 
second, bar code reader, the arithmetic and operation 
control unit 16 calls out the corresponding addresses 1 10 
and 2 and stores them in the memory in association 
with the addressees. 

[0081] Types of special handling are indicated on 
mail pieces 1 together with the addressees, and are 
read by the second bar code reader. The arithmetic and 15 
operation control unit 16 causes the types of special 
handling as read out by the second bar code reader to 
be stored in the memory in association with their 
addressees. Mail pieces with no indication of special 
handling will be treated as ordinary mail. 20 
[0082] The arithmetic and operation control unit 16 
calculates the postal charge for each mail piece accord- 
ing to the thickness H, width Xw, length L and weight W 
obtained in the above-mentioned manner, and the cal- 
culated postal charges are stored in the memory in 25 
association with the addresses of the respective mail 
pieces 1. Postal rates are pre-stored in the memory for 
various combinations of thickness, width, length and 
weight of mail pieces, and the arithmetic and operation 
control unit 16 selects appropriate ones out of pre- 30 
stored postal charges for mail pieces having particular 
dimensions and weights. Instead of storing "standard 
mail" or "nonstandard mail n in the memory as the cate- 
gories of mail pieces, the first through tenth categories 
may be stored. The number of mail pieces in each of the 35 
first through tenth categories may be counted and 
stored in the memory. 

[0083] In the illustrated example, the light-emitters 
L r L 5 and L ir L 21 and the light-receivers P r P 6 and P ir 
P22 are arranged in the width direction at intervals of 3 40 
mm, but they may be spaced at different intervals. 
[0084] Also, instead of disposing the light-emitting 
unit 19 below the light-receiving unit 20, it may be 
placed above the light-receiving unit 20. 
[0085] In the above-described example, the light- 45 
emitters and the light- receivers are arranged on the 
respective straight lines at equal horizontal intervals of 3 
mm. Instead, the light-emitters may be staggered about 
a line extending in the measuring direction (i.e. the 
width direction) in the same plane at the same horizon- so 
tal intervals D, as shown in FIGURE 6. In this case, 
although not shown, the light- receivers are correspond- 
ingly staggered at the same horizontal intervals D in the 
same relationship with the light-emitters as shown in 
FIGURES 2 and 3. 55 
[0086] The distance A of the horizontal plane 22 
from the light-emitting unit 19 may be the distance S 
divided by an integer other than three (3) used in the 



illustrated example, provided that it is not smaller than 
two (2). For example, when the distance A is S/4, an 
additional light-receiver P 0 is disposed at a location 
spaced left by 3 mm from the light-receiver Pi in the 
arrangement shown in FIGURE 2, and another addi- 
tional light-receiver P 2 3 is disposed at a location spaced 
right by 3 mm from the light-receiver P 22 in the arrange- 
ment shown in FIGURE 3. The light-emitter L-] and the 
light-receivers P 0 , P-| and P 2 form a combination. Each 
of the light-emitter L 2 -L 21 form a combination with four 
light-receivers which are adjacent to each other. For 
example, the light-emitter L 2 forms a combination with 
the light-receivers P 0 , P-j, P 2 and P 3 . The light-emitter 
forms a combination with the light-receivers P 11f 
P 12> P 13 and P 14- Tne last light-emitter L 21 forms a com- 
bination with three light- receivers P 21 , P 22 and P 23 . 
Each of the light-receiver P r p 22 belongs to four combi- 
nations, and each of the light- receivers P 0 and P 23 
belongs to three combinations. Light emitted from the 
light-emitter in a particular combination is directed to the 
light-receivers in the same particular combination. 
[0087] In a manner similar to the one explained with 
reference to the arrangement shown in FIGURES 2 and 
3, the width of a mail piece 1 is determined by detecting 
which ones of the light- receivers cannot receive light 
from their associated light-emitters. With this arrange- 
ment, the width Xw of mail pieces 1 can be measured to 
a precision of 0.25 mm (=1 mm - 4). 
[0088] The present invention has been described 
with reference to an embodiment for classifying pieces 
of mail, but the classifying system can be used to clas- 
sify articles other than mail pieces. 
[0089] Of course, the number of categories into 
which articles are classified can be other than ten and 
can be any number equal to or larger than two. * - 
[0090] As described above, according to the 
present invention, thickness, length, width and weight of 
articles, such as mail pieces, can be accurately meas- 
ured at high speed, and, then, such articles can be clas- 
sified accurately into categories at high speed 
according to their measured dimensions and weights. 
Also, the numbers of articles of respective categories 
can be counted, stored in a memory, displayed and/or 
printed out. 

Claims 

1. An article classifying system comprising: 

conveying means for conveying articles; 
length measuring means for measuring the 
length of an article being conveyed by said con- 
veying means; 

width measuring means for measuring the 
width of an article being conveyed by said con- 
veying means- 
thickness measuring means for measuring the 
thickness of an article being conveyed by said 
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conveying means; 

weight measuring means for measuring the 
weight of an article being conveyed by said 
conveying means; and 

classifying means for classifying an article of 5 
which length, width, thickness and weight have 8. 
been measured by said length, width, thick- 
ness and weight measuring means into one of 
a plurality of categories according to the meas- 
ured length, width, thickness and weight. 10 9. 

2. The article classifying system according to Claim 1 
wherein said classifying means classifies articles 
as being standard when the length, width, thickness 
and weight are within respective predetermined 15 
ranges of values. 

3. The article classifying system according to Claim 2 
further comprising: 

20 

sorting means for sorting the classified article 
into standard articles and nonstandard articles 
which are other than the standard articles. 

4. The article classifying system according to Claim 2 25 
or 3 further comprising: 

counting means for counting the number of 
standard articles and the number of nonstand- 
ard articles other than the standard articles; 30 
and 

printing means for printing out the numbers of 
the standard and nonstandard articles as 
counted by said counting means. 

35 

5. The article classifying system according to Claims 

2, 3 or 4 further comprising: 

sender reading means for reading a represen- 
tation of a sender indicated on each article; and 40 
computing means for computing the numbers 
of the articles for respective senders. 

6. The article classifying system according to Claim 2, 

3, 4 or 5 further comprising: 45 



memory means for storing the addressee of 
each article as read by said addressee reading 
means together with the category of that article 
as classified by said classifying means. 

The article classifying system according to Claim 1 t 
2, 3, 4, 5, 6 or 7 wherein articles to be classified are 
pieces of mail. 

An article dimension measuring apparatus for 
measuring a dimension of an article, comprising: 

a light-emitting unit including a plurality of light- 
emitters arranged in a measuring direction a 
dimension of said article along which is to be 
measured; 

a light-receiving unit including a plurality of 
light-receivers arranged in said measuring 
direction; 

each of said light-emitters forming a light-emit- 
ter-receiver combination with two or more light- 
receivers disposed adjacent each other, each 
of said light-receivers belonging to two or more 
light-emitter-receiver combinations, light emit- 
ted by each of said light-emitters being directed 
to the light- receivers of the light-emitter- 
receiver combination to which that light-emitter 
belongs, said article interrupting light directed 
to at least some of said light- receivers; 
detecting means for detecting whether or not 
light emitted by each light-emitter is being 
received by the light-receivers of the light-emit- 
ter-receiver combination to which that light- 
emitter belongs; and 

computation means for computing the dimen- 
sion of said article from a result of detection 
made by said detecting means, a first distance 
between said light-receiving or light-emitting 
unit and a reference plane preset so as to pass 
substantial apexes of respective outward pro- 
truding side surfaces of said article, and a sec- 
ond distance between said light-emitting unit 
and said light-receiving unit. 



addressee reading means for reading a repre- 
sentation of an addressee indicated on each 
article; and 

computing means for computing the numbers so 
of the articles for respective addressees. 

The article classifying system according to Claim 2, 
3, 4 or 5 further comprising: 



10. The article dimension measuring 
according to Claim 9 wherein: 



apparatus 



55 



addressee reading means for reading a repre- 
sentation of an addressee indicated on each 
article; and 



said light-emitters are arranged at equal inter- 
vals along said measuring direction substan- 
tially in a first plane; 

said light-receivers are arranged at the same 
intervals along said measuring direction as 
said light-emitters substantially in a second 
plane which is parallel with said first plane; and 
said first distance is equal to the second dis- 
tance divided by an integer equal to or greater 
than two. 
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